Introduction: Despite the integration of Chinese medicine and biomedicine which has emerged in clinical practice worldwide, a comprehensive development process for clinical practice guidelines (CPG) has up to now been missing. A valid method for the rational use of predictions for herb-drug interaction is a biggest challenge in guideline development process. Methods: This article summarises the development process by reviewing key literature from CPG developers. It focuseson key methods and challenges specific to CPGs for integration by using text mining and bioinformatics to provide a powerful adjunct to CPG development. Results: The guideline development process identified, together with new approaches, incorporates evidence-based methodology and provides better decisions through analysis of uncertain herb-drug interaction.
Introduction
Chinese medicine (CM) is a widely practiced system of medicine in most of Asia [1] , and is emerging as an accepted complementary approach to biomedical model of health care in many Western countries [2] . There are several convincing arguments for integration of these disparate systems of medicine. Integration is already helping patients with many chronic diseases [3, 4] , severe acute respiratory syndrome (SARS) [5] , AIDS [6] and etc. Moreover, integration would be more economical for the health care system [7] . Even, integration would respond to the ever-increasing demand for complementary medicine and increased cultural sensitivity [8] . However, the confluence of biomedicine and CM presents many complex problems and opportunities for integration [9] . For example, it is quite common for a patient to seek herbal treatment while taking several prescription medications.
Reasonably enough, patients want to know about possible interactions and compatibility when taking prescription drugs and herbs simultaneously. In addition, timing of herbal formulas and drugs use is largely due to theoretical or known risks of interactions with herb-drug. Such specific questions, unfortunately, are often difficult (not impossible) to answer.
Because many patients receive both CM and biomedical treatments concurrently, there is a great need to develop clinical practice guidelines (CPGs) for rationally integrating assessment or treatment approaches from these two systems of medicine [10] . CPGs, important knowledge translation tools, are statements that include recommendations intended to optimize patient care that are informed by careful review of existing practice, and available published evidence on topic [11, 12] . Although the goal of all CPGs is the same, to assist patients and practitioners in making care decisions. However, different organizations/groups use different methodologies to develop CPGs for different systems of medicine [13, 14] . In biomedicine, the investigators always use strict evidence-based methodologies that follow accepted standards for developing CPGs [15] . Since 2004, the World Health Organization Regional Office for the Western Pacific (WHO/WPRO) has been in the process of developing international CPG for the use of traditional medicines [16] . Then, increasing CPGs for integration of CM and biomedicine (hereinafter referred to as CPGs for integration) have been developed in China [17, 18] . The quality of these CPGs has remained suboptimal according to Appraisal of Guidelines for Research and Evaluation (AGREE) II Instrument evaluation [19, 20] , discussion of optimal integration therapy in CPGs has to remain open. Shortcomings in the guidelines process include the lack of 1) a special plan for CPG production, dissemination and implementation; 2) and a dedicated process to assess the needs of target users, answer specific questions such as possible herbs-drugs interactions, and the time of taking the herbs and ingesting the other drug or substances. To address these issues, our research group has committed to develop a new formal process for CPG of integration with the aid of interdisciplinary teams and experts. The present document summarises the main elements concepts of the guideline development methodology and key steps. It is anticipated that this progress will have a significant impact on the quality of care and clinical outcomes of individuals undergo integration treatment.
Our research group has committed to a CPG development progress that incorporates text mining and bioinformatics approaches that will help to produce valid CPGs while optimizing the use of limited resources. Ultimately, we hope that these changes will improve the clinical outcomes of individuals with integration therapies.
Methods and results
The following elements of classic parameter development process remain in the new process described in this document. The process includes three phases which are preparation phase, development phase and finalization phase.
Development process
To design an appropriate and acceptable process we reviewed international CPG development process, including handbooks, literatures on methodology and process for CPG development. The works of Scottish Intercollegiate Guidelines Network (SIGN) [21] , National Institute for Health and Clinical Excellence (NICE) [22] , World Health Organization (WHO) [23] , The Guidelines International Network (GIN) [24] , New Zealand Guidelines Group (NZGG) [25] were reviewed. The methodologies developed by medical associations were also incorporated. In addition, the current situation and limitations of CPGs for CM/integration therapies were systemically analyzed, and the results were showed in our previous research [26, 27] . Based on these works, a process including 3 basic stages was designed, including the preparation stage, the development stage and the finalization stage. Multiple methods were integrated into the process to cover the limitations of the current development of CPG for the integration of Chinese medicine and biomedicine. The flowchart of whole process is shown in Fig. 1 .
Preparation stage
A multidisciplinary Guideline Development Committee (GDC) including the clinical experts, epidemiologists, clinical research methodology experts with evidence based medicine background, technical members with pharmaceutical, bioinformatics, toxicology background and relevant stakeholders should be included. The role of GDC is to provide administrative, publication, and logistical support to the guideline process.
Developing stage
The following steps describe the guideline development process from evidence selection to publication:
Step 1: Searching, identifying and assessing clinical evidence
A systematic search of clinical study on both diagnosis and therapeutics for relevant disease, especially the herb-drug combination therapy or other integrative interventions will be conducted. Eligibility criteria for identifying potentially relevant articles will be set up, including types of studies on CM diagnosis (Zheng classification), and integrated interventions. Once potential evidence is identified, the methodology used in each study will be assessed to ensure validity of study. Accepted tools will be used for assessing the methodological quality of different types of studies, like AMSTAR (Assessing the Methodological Quality of Systematic Reviews) [28] for systematic review (SR) or meta-analysis, the Cochrane Collaboration's tool for assessing risk of bias [29] for randomized control trial (RCT), STROBE checklist for observational
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Main studies [30] and CARE checklist [31] for case studies. Considering the characteristics of integrative therapies research, we recommend to use the evidence grading systems for CM established by Liu JP and his colleagues [32] . If related high quality CPGs either in CM or biomedicine have already developed, the core contents of CPGs, like diagnosis criteria in biomedicine and Zheng classification, could be extracted as an important reference in the new CPG for integration of Chinese medicine and biomedicine after careful assessment. The AGREE instrument [19, 20] could be used to appraise the quality of CPGs.
2.3.2.
Step 2: Exploring trends in integrative therapy topics via text mining Since the clinical study evidence, as many paper described previously, is not strong, and also not enough for forming questionnaire for expert consensus in CPG development. We recommend exploring more data with text mining approach from all related clinical research literature in CPG development. Text mining process can be conducted in three domains according to the general contents of CPGs, including Zheng classification, herbdrug combinations and Chinese herbal proprietary medicines (CHPM). Using a data slicing algorithm based on the calculation of frequency is recommended, which has demonstrated in more details previously [32] , to filter high frequency Zheng classification, related herb-drug combinations and commonly used CHPMs. After the rough results are obtained, the panel should review all the results based on the professional knowledge and delete the irrelevant items to correct the results. The results will be listed for further Delphi survey.
Step 3: Developing an appropriate questionnaire for Delphi survey
Based on the evidence and text mining results, all identified evidence and information derived from literature and text mining process will be listed as question items in the initial questionnaire. Each item will be provided with level of evidence and supporting data. To restrict number of items, the specific criteria to prioritize the items will be set by the GDC. The priority principle is defined as item with high level of evidence or supporting data. The contents of questionnaire will be based on the frame of diagnosis and treatments on integrative therapy, thus, items will be grouped under the following broad headings: commonly used Zheng classifications; the general principles of using integrative interventions; herb-drug combinations and corresponding indications; commonly used CHPMs and other integrative interventions. The initial questionnaire will be designed as a semi-structured questionnaire and open questions will be set to collect expert opinions.
Step 4: Conducting Delphi survey
Generally, a Delphi survey will be conducted, 3-5 rounds until the consensus is reached. In the first round, the experts will be invited to finish the questionnaire and add the follow contents: Zheng classifications, the general principles of using integrative interventions, herb-drug combinations and corresponding indications, CHPMs and other integrative interventions they commonly used in treatment of the relative disease. After much discussion of items, a revised questionnaire for the second round consultation is generated and subsequently disseminated to the experts who responded in the first round. Items are accepted as consensus directly when 80% of respondents reached agreement. Items receiving less than 20% will be removed. Items receiving between 20% and 80% agreement will be recruited to the next round consultation after the revisions. The third round of questionnaire is composed of the same questions which do not achieve consensus in previous consultation. Delphi rounds will be replicated until the consensus is reached. The practitioners usually select from professionals working in the integrative medicine and the specific criteria of selecting experts will be settled based on Patient-Intervention-Comparison-Outcome (PICO) question of CPG for integration of Chinese medicine and biomedicine. The scale of a Delphi panel is recommended 10-18 experts [33] .
Step 5: Predicting the herb-drug interaction with bioinformatics approaches
One major characteristic of CPG for integration of Chinese medicine and biomedicine is its recommendations on using both CM herbs and drugs. Thus the recognition of potential herb-drug interactions would be an important issue in CPGs developing process. About twenty years ago, evidence for herb-drug interactions in humans was inconsistently reported through case studies. In the last ten years, scientific verification and applications beyond prescriptions have begun to be explored. It is possible to predict when herb/drugs interact by knowing their properties. For our purpose, research on predicting the herb-drug interaction with bioinformatics approaches will be conducted. A list of herb-drug combinations generated from the text mining process, literature evidence and expert's consensus will be used as candidates for evaluating their interaction effect by a systems pharmacology approach [28] including structure-, omics-and network-based systematic investigations. Mapping between the pharmacology network of herb-drug combination candidate and molecular network of a given disease will be conducted by using graph merge tool to calculate the efficacy index of the network. Centrality value distribution of best interaction between herbs and dugs in specific disease network, and on-target and off-target of intersection can be clearly presented. Corresponding three important parameters including Major Therapeutic Effect (MTE), Associated Therapeutic Effect (ATE) and Side Effect (SE) are defined for the evaluation of herb-drug interactions.
Step 6: Review and consultation process
In this step, formal consensus conference will be conducted. GDC members will review all the data and evidence formulated in the previous stages and make final decision on those data whether can be used to produce CPGs for integration. The conference will include background presentations to ground conversations on empirical information to facilitate cohesive discussion. Participants will be led in structured discussions. Care will be taken to ensure that all participants express views, that all ideas are discussed in-depth, and that assertive participants do not dominate the discussion. Points from the participants and decisions generated by conference and draft resolution will be recorded. The resolution will be circulated to all the participants in the consensus group. Revisions will be made on resolutions based on their responses. The process will replicate until consensus is reached. Every participant will be required to sign the resolution if the resolution accurately represented the decisions made during the meeting.
Step 7: Reporting of CPG for integration of Chinese medicine and biomedicine of CM and biomedicine
Reporting CPG in right way can promote the understanding of CPG and advance a transparent CPG's development process [34] . To ensure the transparency of the whole process, the key information of each step will be clearly described following a standardized report guideline. A proposed reporting checklist for CPG including 8 topics and 23 sub items is summarized in Table 1 .
Finalization stage
In this stage, external review, dissemination, implementation and further updating of the CPG for integration of Chinese medicine and biomedicine needs to be completed before finalizing the whole development process. External review process will be conducted once the CPG has been drafted to ensure it is representative of the comprehensive perspectives of related professionals. Experts from integrative medicine hospitals except GDG committee members are invited for evaluating the quality of the development process, and the CPG will be applied in hospitals to assess its applicability. The GDC has responsibility to design the implementation plan to ensure appropriate use of CPG in integrative medicine hospitals. And in order to update CPG in time, the GDC has responsibility to collect signals that need for updating as new evidence or consensus arises. Emerging evidence or consensus will be reviewed by all members of the GDC whether it can potentially affect current clinical management strategies. Once new evidence or consensus necessitates changing contents of CPG, the revision of CPG for integration of Chinese medicine and biomedicine will be conducted.
Totally, this process is a living document that will be updated as the new CPG development process is tested. The process used to develop specific CPGs for integration will be described upon their publication. Because of continuous improvement and innovation, the process used may not necessarily match what is described in this paper.
Discussion
Over the past two decades, the development process for CPGs has become increasingly rigorous, in accordance with rapidly evolving principles. Today, 'guidelines/formal process for guidelines' have reached new heights, generating the imperative for changes in CPG development process. The increasing complexity of CPGs for integration of Chinese medicine and biomedicine has required an extensive revision of development processes and methods. The present article has summarized the basic methodological principles and tools that will be applied in the future production of all CPGs for integration.
An investigation which evaluated eleven CM/integration treatment CPGs suggested that most of CPGs did not clearly describe how the CPGs had been developed and in some of CPGs the key steps were missing. Lack of appropriate process leads low adherence to the general process in development of these CPG. In this progress, we incorporated many widely adopted tools such as AGREE into the CPG development process. These tools could improve the quality and validity of CPGs, and facilitate subsequent implementation efforts. Insufficient evidence is another problem in CM CPG [10] and it is become more outstanding in CPG for integration of Chinese medicine and biomedicine of CM and biomedicine [7, 8] . In addition to establishing an improved CPG development process through traditional tools, we have prioritized the development of CPGs through new methods. Accordingly, we have proposed a new process of CPG for integration of Chinese medicine and biomedicine with two methods, to proceed as follows:
1 Prediction of the drug-herb interaction with a bioinformatics approach. This method is dependent on information extracted from published validation data to obtain the interaction between the combinational herb-drug candidates in the disease. Historically, herbs and drugs have been two very different treatment modalities which have rarely, if ever, been used together. The line that separates herbs and drugs, however, has been blurred in recent decades with the increased accessibility to the lay public. It is not uncommon for one patient to take multiple drugs and herbs concurrently. It becomes very difficult to predict whether the combination of drugs-herbs will lead to unwanted side-effects and/or interactions. It is imprudent to assume that there will be no interactions in CPGs for integration. And, it is just as unwise to abandon integration treatment simply for the fear of possible interactions. The solution to this situation is in the understanding of drugs-herbs interactions. With understanding of these mechanisms with systems pharmacology approaches, one can recognize potential interactions and take proper actions to prevent their occurrence. The results of prediction process will be used as a kind of supporting data resource for developing CPG for integration of Chinese medicine and biomedicine. 2 Text mining method. Text mining has been widely used in medical research and been introduced into CM research for quickly identified potential information. The aim of text mining method is used for collecting high frequency Zheng classifications, herb-drug combinations and CPMs reported in clinical studies, which imply that they are well known by practitioners in some extant. We consider this high frequency information as a kind of supporting date for forming CPGs for integration of CM and biomedicine.
Conclusion
Our research group has committed to a CPG development progress that incorporates text mining and bioinformatics approaches that will help to produce valid CPGs for integration of CM and biomedicine while optimizing the use of limited resources. Ultimately, we hope that these changes will improve the clinical outcomes of individuals with integration therapies.
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